~" Intractable, unexplained deep-ear pain presents a rare, albeit significant problem in otolaryngological and neurosurgical practice. The authors review their experience with 18 cases of primary otalgia during the past 15 years. A total of 31 surgical procedures were performed. Seventeen patients had sequential rhizotomies and one patient had microvascular decompression alone. Based on the clinical diagnosis, the nerves sectioned were singly or in combination: the nervus intermedius (14 patients), geniculate ganglion (10 patients), ninth nerve ( 14 patients), 10th nerve (11 patients), tympanic nerve (four patients), and chorda tympani nerve (one patient). Microvascular decompression of the involved nerves was undertaken in nine patients, in whom vascular loops were discovered. Adhesions (six patients), thickened arachnoid (three patients), and benign osteoma (one patient) were other intraoperative abnormalities noted.
S
INCE the turn of the century, a number of surgical procedures have been described in connection with the management of patients with primary otalgia. This disorder is characterized by intermittent, severe pain or dull, constant pain located deep within the ear. It is usually unilateral and may radiate to the mastoid and occipital regions or the face. The pain is often triggered by cold, noise, swallowing, or pressure on the tragus. In keeping with the sensory innervation of the ear, the fifth, seventh, ninth, and 10th cranial nerves have been implicated alone or together in the causation of this phenomenon. Some surgeons have therefore sectioned the nervus intermedius, 5'6`s'23.2s geniculate ganglion, t8 chorda tympani, :l ninth, zT' t2. 17"22.27 or ninth and 10th z2z27 cranial nerves and have reported varying degrees of success. Others have found vascular loops in relation to these cranial nerves ~' 4'3' ~a6,23,~ and advocate neurovascular decompression. The present analysis of 18 patients diagnosed as having primary otalgia serves to emphasize the desirability of adopting a systematic approach in the management of these patients.
Summary of Cases

Preoperative Data
The case records of 18 consecutive patients diagnosed as having primary otalgia were reviewed (Table 1 ). All patients had undergone a complete neuro-otological evaluation and causes for secondary otalgia were ruled out. There were 10 male and eight female patients with ages ranging from 12 to 71 years (mean 36.6 years). Ear pain was unilateral in 15 patients (83.3%), 10 of whom had left-sided pain. The pain was described as being severe and paroxysmal in eight patients or dull and continuous in 10. The pain radiated to adjacent areas in 11 patients. The mean duration of pain was 5.2 years. There were triggering factors in 11 patients, the most common being cold air or water. Five patients gave a history of head and neck trauma. Two patients (Cases 10 and 12) suffered head injury and two others (Cases 17 and 18) suffered whiplash injury. One patient (Case 11) had a history of blast injury. In 72.2% of patients there were associated aural symptoms such as hearing loss (seven patients), tinnitus (six patients), and vertigo (six patients). Two patients (Cases 9 and 13) had a history of otitis media. Other significant medical history was that of resection of a cerebellar astrocytoma 13 years before (Case 7) and childhood meningitis (Case 6).
Diagnostic Procedures
Pharyngeal coeainization or nerve block screening was performed in nine patients. Significant pain relief following cocainization (positive result) was observed in five of six patients who underwent this test. In one patient (Case 4) who obtained complete pain relief following ninth and 10th nerve section, the test was diagnostic of glossopharyngeal neuralgia. In two other patients (Cases 12 and 15) with positive results, pain relief following ninth cranial nerve section was shortlived and additional nerve section was required. Injection of xylocaine solution into the ear canal provided temporary pain relief in two patients. Radiology of the skull, consisting of x-ray studies, computerized tomography, and/or magnetic resonance imaging, was normal in all patients. Angiography was normal in the three patients in whom this procedure was performed.
Operative Procedures
Four types of operative procedures were performed. 1) Tympanotomy was carried out for chorda tympani and tympanic nerve section. A standard endomeatal incision was employed to expose the middle ear. The chorda tympani was sectioned nearer its origin in the middle ear. The tympanic nerve was located on the promontory and divided. 2) A middle cranial fossa approach, as described by Pulec, 's was performed for geniculate ganglionectomy. 3) A posterior cranial fossa approach was used for nervus intermedius and ninth and 10th cranial nerve section. 4) A combined posterior fossa-middle fossa approach was performed for geniculate ganglionectomy together with exposure of the nervus intermedius, fifth, ninth, and 10th nerves.
The patient was positioned in an identical fashion for the middle fossa approach, posterior fossa approach, and combined posterior fossa-middle fossa approach; for all, the supine position was used with the head turned to the extreme on the side opposite to craniotomy. For the combined posterior fossa-middle fossa approach, a hockey-stick incision was marked over the posterior temporal and retromastoid area. The curving anterior incisional limb reached 3 cm above the top of the pinna and terminated at a point in line with the tragus. The retromastoid end of the incision extended vertically to the upper end of the cervical musculature, identical to the incision used for a lateral cerebellopontine angle approach. Two circular craniotomies were fashioned, 3 cm in diameter. The anterior opening was placed so that its inferior edge was on the anterior petrous ridge and its posterior margin in line with the petrosal sinus. The posterior opening was at the "knee" of the lateral and sigmoid sinuses. The dura of the posterior fossa was opened to provide access to the nervus intermedius, and the trigeminal, vagus, and glossopharyngeal nerves prior to the extradural approach to the geniculate ganglion. The trigeminal nerve was also easily explored by this approach. A search was NI, GG, IX, X AICA (VII-VIII) 6.9 yrs dry eye, cough * TN = tympanic nerve; NI = nervus intermedius; GG = geniculate ganglion; AICA = anterior inferior cerebellar artery; PICA = posterior inferior cerebellar artery; CT = chorda tympani: CSF = cerebrospinal fluid; ,~ = decreased; roman numerals denote cranial nerves. made for vascular loops, adhesions, thickened arachnoid, or any other anomaly in relation to these nerves, in the absence of which the appropriate nerves were sectioned.
After dural closure over gelatin film, attention was directed to the middle fossa. Excellent middle fossa dural relaxation was effected by prior posterior fossa exploration; temporal lobe retraction was negligible. The dura over the petrous ridge was stripped and a narrow self-retaining brain retractor was placed at the level of and behind the foramen spinosum just medial to the arcuate eminence. The greater superficial petrosal nerve was identified and traced up to the geniculate ganglion (bone defects are not unusual here). The ganglion and adjacent 5 mm of the greater superficial petrosal nerves were sharply excised. The dura was replaced and the scalp wound closed in layers after a temporal cranioplasty or bone flap replacement.
Operative Data
A total of 31 procedures were performed in 18 patients, 17 of whom were treated with nerve section (Table 2) . Twelve patients received more than one operation. Fourteen patients underwent surgery via a posterior cranial fossa approach, five via a middle eranial fossa approach, and eight via a combined posterior cranial fossa-middle cranial fossa approach. Tympanotomy for chorda tympani or tympanic nerve section was performed in four patients. Of the abnormalities noted at surgery, vascular loops were the most common (Table 3) . Microvascular decompression of the involved cranial nerves was performed in nine patients. In the most common pattern of vascular compression, a branch of the anterior or posterior inferior cerebellar artery compressed the ninth and 10th nerves (Fig. 1) and/or the seventh/eighth nerve complex.
Postoperative Results
Significant postoperative pain relief was experienced by 13 patients (72.2%). Four patients had no pain relief and one patient complained of worsened pain; of these five patients, one had not received a nerve section (Table 4) . Surgical morbidity (33.3%) was represented by cerebrospinal fluid leak (one patient), aseptic meningitis (one patient), sensorineural hearing loss (two patients), vertigo (one patient) and transient facial paresis (one patient) ( Table 2 ).
Discussion
Evolution of Surgical Techniques
Surgical strategies for the treatment of primary otalgia are mostly anecdotal. Depending on the particular nerve suspected, operations have been directed at dividing either the fifth, seventh (chorda tympani, nervus intermedius, or geniculate ganglion), or ninth and upper divisions of the 10th nerves. In 1907, Hunt" published a paper on the probable role of the facial nerve in providing ear sensation, followed in 1909 by Clark and Taylor's description s of a case of deep-ear pain relieved by sectioning the nervus intermedius. Their patient, a young woman with unbearable lancinating pain deep within the ear, underwent seventh cranial nerve section in an attempt to divide the afferent fibers in the nervus intermedius. The authors reported that she was painfree for a little over 5 months, and Hunt ~~ later mentioned that she had been asymptomatic for 6 years postoperatively. A number of similar case reports followed, 6'828 suggesting that nervus intermedius otalgia was a definite clinical entity. There is no definitive series describing failures of intermedius nerve section.
Soon after the report of Clark and Taylor, 5 Weisenburg 26 described a patient who developed persistent pharyngeal and deep-ear pain, having previously undergone repeated fifth nerve blocks and gasserian ganglionectomy for intractable oral and facial pain. When the patient died a few years later, a large cerebellopontine angle tumor compressing the fifth nerve root and stretching the ninth nerve was revealed at autopsy. Weisenburg suggested, inconclusively, that the stretched ninth nerve was probably responsible for the patient's persistent otalgia. It was Harris 9 who in 1921 provided the first definitive description of idiopathic glossopharyngeal neuralgia producing otalgia. Dandy 7 pioneered the first successful intracranial section of the ninth nerve for this condition in 1927. Later, division of the upper rootlets of the 10th nerve was added to this operation by some surgeons 2"22.27 to ensure interruption of the afferent fibers that provided the vagal contribution to otalgia.
In 1976, Pulec ~8 introduced geniculate ganglionectomy as a means of providing a more complete section of the afferent fibers mediating pain in the seventh nerve. The inherent variability of the nervus intermedius in the cerebellopontine angle (either because it is too closely related to the eighth nerve, as noted by Sachs, 23 or because it is often composed of several fibers 2~ made it difficult to excise the entire sensory component of the seventh nerve by sectioning this nerve alone. A new technique to deal with the pain fibers that escaped section was sought. Anatomical studies ts showed that the geniculate ganglion contained the cell bodies of these afferents. Pulec suggested that up to 20% of the diameter of the facial motor trunk could be excised with the ganglion without producing facial paralysis. In a recent unpublished temporal bone study, we excised the geniculate ganglion along with the adjacent labyrinthine and tympanic segments of the facial nerve trunk to examine the distribution of the afferent neuronal cell bodies. We found that in most specimens the ganglion cells appeared to be clustered at the apex of the facial nerve genu (Fig. 2) . It is interesting to note that ganglionectomy was not a primary, procedure in all of Pulec's patients, hence it is uncertain whether all of them had geniculate neuralgia.
Although medullary tractotomy was not performed in any of our cases, successful pain relief has been reported by this means? 4'-'7 The anatomical basis for this operation is that somatic afferent fibers of the nervus intermedius and ninth and 10th cranial nerves terminate in the dorsal portion of the spinal tract of trigeminal nerve in the medulla and upper segments of the spinal cord. ~4 This procedure has failed to achieve general acceptance in otalgia treatment due to the lack of sufficient outcome analyses, a mortality rate of 1.6% in experienced hands, ~-7 and its general rarity of use.
Differentiation of Neuralgias
Various tests have been used to delineate exactly which nerve or nerves are responsible for producing pain in patients with primary otalgia. Preoperative screening by local nerve blocks of either the ear canal or the tympanic cavity provide limited information because of the neural overlap in these areas. The use of intraoperative nerve stimulation under regional anesthesia to identify the nerve producing the pain was reported to have allowed some differentiation at the cost of a less than relaxed surgical setting. 8"n9"-' 7 Because of neural sensory overlap, it may be naive to base surgical treatment on the effect of stimulation and the sedated or suffering patient's response, as noted in Wilson's study. ' -8 Furthermore, all of the reported cases where stimulation was used were treated prior to the use of microsurgical magnification and one could question the validity of their precise conclusions.
In the present study it was not possible to differentiate intermedius, glossopharyngeal, and vagal neuralgia based on the patient's history, results of pharyngeal cocainization, or radiologicai findings, with the exception of two cases of glossopharyngeal neuralgia (Cases  3 and 4) . Correlation of the type of pain (sharp, lancinating vs. constant, dull) with the outcome of surgery (Table 4) showed an almost equal number of patients in both groups who benefited from surgery. Factors such as the presence of triggers, laterality, duration of pain, and associated aural symptoms did not in any way suggest the nerve or nerves of origin. In two patients, however, the history of pain radiating to the throat was helpful in localizing and successfully sectioning the ninth and upper t0th cranial nerves. Some authors 27 recommend a detailed search for trigger zones and assessment of response to the application of local anesthetic agent to these sites. Cocainization of the pharynx was useful in identifying a single patient with isolated glossopharyngeal neuralgia who experienced complete pain relief with ninth nerve section following a positive result. It was not possible, however, to categorically implicate the ninth nerve when other nerves were also involved. It was this localization dilemma that led White and Sweet 27 to recommend sectioning all three culprit nerves whenever uncertain.
The possible trigeminal contribution to primary otalgia has been described. W~' 24"27 However, despite clinical 24 and anatomical 29 evidence for a dominant aural sensory projection by the fifth cranial nerve, trigeminal otalgia has not been reported as a clinical entity. It appears logical, however, to consider that neuralgia of the mandibular division of the fifth nerve could cause deep-ear pain in some patients. Cases of combined glossopharyngeal and trigeminal neuralgia have been reported.~72-'
Vascular Loops
Vascular loops causing otalgia by compression of the seventh/eighth nerve complex or the ninth/10th nerve complex have been described. 1. 4, 13, 15, 16, 30 Microvascular decompression of the involved nerves, often in conjunction with rhizotomy, was performed in nine patients, five of whom experienced marked pain relief. The significance of vascular loops in the causation of ear pain is uncertain. Sunderland 2s reported that a loop of an anterior inferior cerebellar artery was related to the seventh/eighth nerve complex within the internal auditory meatus or at the porus acusticus in 64% of anatomical specimens. Only one patient in our study had microvascular decompression without nerve section and he did not enjoy significant pain relief. Other abnormalities noted intraoperatively in this series of patients were adhesions, thickened arachnoid, and benign osteoma.
Neurophysiological Basis'
Boudreau, et aL, 3 suggested two possible neurophysiological bases for prima.,3, otalgia. The first is that a specific sensory "pain" system has been activated by a particular pathology. The second hypothesis is that instead of normal neural transmission there are pathological neural discharges that produce the sensation of pain. In the present study, 13 (72.2%) of 18 patients had the associated aural symptoms of tinnitus and vertigo. Whether the presence of these symptoms is indicative of neural derangement or irritative pathology in the seventh/eighth nerve complex, which is also responsible for otalgia, remains speculative.
Analysis of Results
The surgical results in the present series demonstrate a success rate of 72.2%. In correlating the success of the operation with the nerves sectioned (Table 4) , it was noted that sectioning the seventh nerve (nervus intermedius, chorda tympani, or geniculate ganglion), ninth nerve (including the tympanic nerve), and upper 10th nerve rootlets proved most effective in providing pain relief. In four failed cases, a neuralgia of the fifth nerve may be responsible for persistent otalgia, since it alone of the ear afferent fibers remained intact. Two cases of isolated intermedius neuralgia (Cases 2 and 10 in Table 2 ) could be identified, based on their favorable response to nervus intermedius and geniculate ganglion section alone. Together with the two classic cases of glossopharyngeal and vagal neuralgia, these were the only four definite cases of single-nerve neuralgia.
Cough and diminished taste and lacrimation were some reasonably anticipated side effects in these patients ( Table 2 ). The presence of such deficits was in fact confirmation of nerve section. On the other hand, cerebrospinal fluid leak (one patient) and asectic meningitis (one patient) were significant complications. These expected deficits and potential morbidity are elements of proper surgical consent in such patients.
Present Surgical Strategy
In order to explore the fifth, seventh, ninth, and lOth nerves in all cases of otaigia, the combined posterior cranial fossa-middle cranial fossa approach was employed. This operation has the advantage of requiring a single skin incision. Further, extradural geniculate ganglionectomy in the middle cranial fossa is facilitated when it is preceded by intradural dissection in the posterior fossa with consequent drainage of cerebrospihal fluid.
The carefully studied, well-motivated, otherwise fit patient who had intractable, incapacitating deep-ear pain can be reasonably offered cranial nerve surgery with an anticipated 75% chance of success. It is mandatory that all causes of secondary neuralgia be ruled out by a prior neuro-otological examination. Cocainization of the pharynx may serve as a clinical indicator of isolated glossopharyngeal neuralgia when the test V. Rupa, R. L. Saunders, a n d D. J. Weider result is positive. A posterior fossa approach for ninth nerve exploration and section is ideal for such cases. In those patients with a negative cocaine block, a combined posterior cranial fossa-middle cranial fossa approach allowing exploration of the ninth and 10th cranial nerves, the nervus intermedius, the geniculate ganglion, and the fifth cranial nerve is our present strategy (Fig. 3) . If exploration reveals a correctable deformity, such as a vascular loop or arachnoidal adhesion, avoidance of nerve ablation is an option that may be considered, based on preoperative discussion. Multiple rhizotomies exclusive of the fifth cranial nerve are recommended if no such abnormalities are found. Although we have no experience with section of the fifth cranial nerve or the occipital nerves for failed cases, such avenues are not unreasonable.
